"***(CHEST 1995; 108:43S-52S)***"

The term "chronic bronchitis" appears to have been introduced in the United Kingdom in the early 19th century to describe chronic bronchial mucosal inflammation.[@bib1] The British population continues to suffer one of the highest mortality rates from chronic bronchitis in Europe, and in the 1960s, as many as 17% of adult men were thought to be affected.[@bib2] However, the problem is worldwide in distribution. In the mid-1980s, 6.4 million Americans per year suffered episodes of bronchitis,[@bib3] and in excess of 600,000 Canadians have symptoms of chronic obstructive pulmonary disease.[@bib4] It has been suggested that 25% of adults in their middle years in the United States are affected.[@bib5] The precise relationship of infective exacerbations to the progress of the disease in individuals remains uncertain, but huge sums are expended each year on the antibiotic treatment of exacerbations, indicating a widespread belief in the efficacy of such treatment among the medical profession. However, recent studies of lower respiratory tract infections and acute exacerbations of chronic bronchitis (AECB)[@bib6], [@bib7] suggest that, while the majority of patients respond satisfactorily to traditional antibiotics such as the broad spectrum penicillins, others may not. Factors which distinguish this group of less responsive patients have only recently been investigated. This overview will examine the epidemiology of the disease, current chemotherapeutic modalities, and methods of assessing treatment response and will suggest avenues for more discriminatory evaluation of new agents.

EPIDEMIOLOGY {#cesec10}
============

A classic study of 1,000 adult bronchitic patients from 1951 to 1953 in London indicated that, after onset mainly from the third decade onwards, the prevalence rose steadily in the fifth and sixth decades predominantly in smoking men from the lower social classes.[@bib8] This pattern of disease remained unchanged in a survey of 471 patients in the United Kingdom 40 years later,[@bib7] the medical history and clinical features of these patients confirming the classic definition of chronic bronchitis.[@bib9] United Kingdom government statistics indicate respiratory illnesses to account for 14% of cash sickness benefits and that 56% of this total was related to chronic obstructive airways disease, in comparison with 9% for asthma. Although the onset phase of this illness takes many years in most patients, once significant respiratory obstruction has developed, the prognosis is poor. The 10-year mortality of a cohort of 60-year-old nonatopic smokers rose to 60% compared with 15% in nonsmoking asthmatic subjects.[@bib10]

Annual death rates from chronic bronchitis in various countries, taken from the World Health Organization Statistics Annual 1986 are shown in [Figure 1](#fig1){ref-type="fig"} . In the United Kingdom in the 1980s, deaths from this disease and its exacerbations among adult men ranked third after myocardial infarction and lung cancer (WHO Statistics Annual, 1983), predominating in the lower social classes. In the 1970s, male death rates ranged from 33/100,000 in social class 1 to 97,115, and 191/100,000, respectively, in classes 3, 4, and 5.[@bib11] Epidemiologic surveys, for example in England and Wales,[@bib12] have suggested that recurrent respiratory tract infections in childhood, consequent upon the poor social conditions of the 1920s, may have predisposed to the development of chronic bronchitis in later life and that such factors may have had a greater influence on the geographic distribution of the disease than cigarette smoking. However, numerous studies have shown a positive correlation between mortality rates from chronic bronchitis and smoking, perhaps the most convincing describing this relationship among British doctors.[@bib13] F[igure]{.smallcaps} 1Death rates per 100,000 population: adults aged 55 to 65, 1983.

Industrial pollution is a further major precipitant, massive increases in mortality accompanying the London and Los Angeles "smogs" of the 1950s and 1960s. Reid and Fairbaim[@bib14] had previously defined the relationship between fog and work absenteeism due to bronchitis among London postmen during the 1940s. Since the Clean Air legislation in the United Kingdom, mortality from this disease has been dropping among younger people, death rates in the 1970s falling by 40 to 60% compared with those of the 1960s among patients aged 35 to 74 years.[@bib15] However, the cost to society of this illness remains high. In each of recent years, the total drug costs in the United Kingdom have exceeded £50M and the annual cost to Canadians is in excess of \$33M.[@bib4]

PATHOGENS ASSOCIATED WITH ACUTE BACTERIAL EXACERBATIONS OF CHRONIC BRONCHITIS {#cesec20}
=============================================================================

A variety of microorganisms have been shown to be associated with exacerbations of chronic bronchitis ([Table 1](#tbl1){ref-type="table"} ). However, the preeminent pathogen is *Haemophilus influenzae* which has been recognized since the 1950s to cause more than 50% of all bacteriologically defined exacerbations.[@bib16], [@bib17] Initial attempts to confirm the invasive nature of this pathogen by detection of serologic responses after exacerbations originally provided conflicting data but later evidence indicates a positive association and demonstrates the previously negative results to have been methodologic in origin.[@bib18] The frequency of isolation of *H influenzae* increases as respiratory obstruction worsens,[@bib19] and its role in the initiation and perpetuation of the "vicious circle" hypothesis of bronchial damage appears beyond doubt.[@bib20], [@bib21] The role of *Haemophilus parainfluenzae* is less certain: Smith and colleagues[@bib19] identified the organism frequently but found no correlation with symptoms or decreasing pulmonary function. Another study of 214 patients found this organism in almost 30% of sputum cultures.[@bib22] Table 1Pathogens Associated With Exacerbations of Chronic BronchitisBacteria*H influenzae*![](fx1.gif)Accounting for 70% of all exacerbations and 85-95% of bacterial exacerbations*S pneumoniae* V*M catarrhalisStaphylococcus aureus*\
*Pseudomonas aeruginosa*\
Opportunist Gram-negatives\
*Mycoplasma pneumoniae*VirusesInfluenza/parainfluenza viruses ![](fx2.gif)Accounting for 30% of all acute infective exacerbationsRespiratory syncytial virusRhinovirusesCoronaviruses

The proportions of major bacterial respiratory pathogens isolated from patients in recent clinical trials are indicated in [Table 2](#tbl2){ref-type="table"} . *Moraxella catarrhalis* and *Streptococcus pneumoniae* account for approximately a further third of isolates from AECB. Although persistently present in respiratory secretions of established chronic bronchitic patients, *H influenzae* and pneumococci are isolated significantly more frequently during infective exacerbations.[@bib23] Further evidence suggests that they may persist in low numbers in sputum after apparently effective therapy of AECB and that the same phenotypic isolates are responsible for subsequent relapses.[@bib24], [@bib25] Table 2Prevalence of Major Respiratory Pathogens in AECBPercentage of Total Isolates Accounted for byStudyNo. of isolates*H influenzaeM catarrhalis*PneumococciDavies et al, 1986[@bib78]12758,51516,5Basran et al, 1990[@bib59]6043.33.325Chodosh, 1992[@bib22]21437.922.422.4Aidons, 1991[@bib55]53701315Bachand, 1991[@bib76]843010.721.4Lindsay et al, 1992[@bib83]39849.71917Ball, 1994[@bib62]85521316,5

Viruses and mycoplasmas are probably responsible for a third of all exacerbations.[@bib26] Chlamydiae, important precipitants of acute bronchitis, play a minor role, if any, in the causation of AECB.[@bib27]

CHEMOTHERAPY FOR ACUTE EXACERBATIONS OF CHRONIC BRONCHITIS {#cesec30}
==========================================================

The majority of patients with AECB presenting to primary care physicians receive antibiotic therapy. In the United Kingdom, this accounts for a substantial proportion of the 17.2 million antibiotic prescriptions issued per year (Intercontinental Medical Statistics, MDI Dec 1993, MAT). However, between 13 and 25% of such patients with lower respiratory tract infections treated on a domiciliary basis return within a matter of a few weeks because of persisting symptoms.[@bib6], [@bib7], [@bib28] It is thus necessary to question whether antibiotic therapy per se is effective in AECB, and if so, whether certain of the newer antibiotics, which have improved *in vitro* activity and pharmacokinetics, are likely to prove more effective than traditional agents such as the broad spectrum penicillins. It is perhaps even more important to assess the evidence for the efficacy of rapid, effective therapy of acute exacerbations in preventing the inexorable decline in respiratory function which characterises this disease. Anthonisen and colleagues[@bib29] found that the acute reduction in FEV~1~ associated with AECB improved more rapidly with antibiotic therapy than with placebo. However, a comprehensive literature review[@bib18] found only one study which indicated recurrent infective exacerbations to have any long-term detrimental effect on pulmonary function in chronic bronchitics.

EFFICACY OF ANTIBIOTIC THERAPY IN AECB {#cesec40}
======================================

General Considerations {#cesec50}
----------------------

As depicted in [Table 3](#tbl3){ref-type="table"} , the efficacy or otherwise of antimicrobial chemotherapy has remained for many years a controversial issue, with various placebo-controlled studies in relatively small numbers of patients having provided conflicting evidence for and against the benefit of antibiotics.[@bib18], [@bib30], [@bib31a] In the late 1980s, Anthonisen and coworkers[@bib29] published a further, large scale, placebo-controlled study in over 350 patients which, in defined exacerbations, indicated significant benefit from antibiotic therapy. Patients allocated antibiotic therapy received either amoxycillin (40%), co-trimoxazole (40%), or doxycycline (20%). Although the results overall indicated a significant difference in favor of antibiotic treatment, optimal benefits were observed in patients who had exacerbations characterized by increases in dyspnea, sputum production, and sputum purulence (often termed the "Winnipeg criteria"). Subsequently, an Italian group[@bib31b] studying a similarly sized population, showed a highly significant difference in favor of co-amoxyclav (Augmentin) compared with placebo in patients with standardized disease severity. This group based their assessment on an empiric scoring system which incorporated the Winnipeg criteria together with additional factors, including the presence and degree of pyrexia, severity of cough, and presence of coexistent cardiopulmonary disease. The results of these and earlier studies are shown in [Table 3](#tbl3){ref-type="table"}.Table 3Results of Placebo-Controlled Trials of Efficacy of Antibiotic Therapy in AECBComparatorsNo. of patientsOutcome of TherapyReferencePlacebo vs17950.3% vsAllegra et al, 1991[@bib31b]co-amoxyclav19086.4% clinical successp\<0.0lPlacebo vs18055% vsAnthonisen et al, 1987[@bib29]either TMP-SMX,[\*](#tbl3fn1){ref-type="table-fn"}18268% clinical successamoxycillin or doxycyclinep\<0.0lPlacebo vs20100% vsNicotra et al, 1982[@bib84]tetracycline20100% clinical response[†](#tbl3fn2){ref-type="table-fn"}Placebo vs1520% vsPines et al, 1968[@bib85]penicillin/1566% improvement[‡](#tbl3fn3){ref-type="table-fn"}streptomycinPlacebo vs10No significant differences in eitherPetersen et al, 1967[@bib86]physiotherapy,10groupchloramphenicol9Placebo vs28No significant difference in clinicalElmes et al, 1965[@bib50]ampicillin28response[§](#tbl3fn4){ref-type="table-fn"}[^1][^2][^3][^4]

The varying results of the historic and contemporary studies of chemotherapy in AECB may have a number of explanations, not least the nonhomogeneity of the patient populations studied and the improvements in chemotherapy over the 30 years in question. The increasing prevalence of bacterial resistance has also had a major influence on choices between traditional agents and novel antibiotics which are either insusceptible to or are capable of bypassing the common resistance mechanisms. However, insistence by many registration authorities that new drugs must be compared to traditional agents such as amoxycillin and that for standard evaluation, all isolates should be sensitive to both the investigational and comparator agents often results in failure to prove what should be clear advantages.

As frequently shown in pneumonia trials,[@bib32] intention to treat analyses may be far more indicative of the subsequent clinical role of the new agent. A further problem follows the use of such criteria as those proposed by the Winnipeg group,[@bib29] in that although these criteria define an exacerbation, they do not define its etiology. Thus noninfective or viral exacerbations may be being compared with bacterial exacerbations, with inevitably confusing results.

Influence of Bacterial Resistance {#cesec60}
---------------------------------

Sensitivity of respiratory tract pathogens to traditional antibiotics may no longer be assumed. Nationwide studies in the United States and Canada in the 1980s indicated beta-lactamase-mediated amoxycillin resistance among nonencapsulated strains of *H influenzae* to have risen to approximately 15 to 16%.[@bib33], [@bib34] These figures were mirrored by rates of up to 20% in Poland in the 1990s[@bib35] and 8.3% in the United Kingdom[@bib36] where there was an associated increase in non-beta-lactamase-mediated beta-lactam resistance (5.8%), implying resistance to co-amoxyclav, and in resistance to sulphamethoxazole (16.9%), trimethoprim (8%), and cefaclor (5.2%).

Resistance rates in Europe vary widely, but in mainland Spain, 31% of isolates were resistant to ampicillin, 16.7% to chloramphenicol, 15% to erythromycin (27.9% in France), 17.2% to tetracycline, and 41.3% to co-trimoxazole.[@bib37] Methodologic differences may influence erythromycin sensitivity testing but in the United Kingdom, Powell et al[@bib38] found 86.6% to have minimum inhibitory concentrations (MICs) equal to or greater than 1 mg/L.

Most isolates of M *catarrhalis* produce beta-lactamase, 79% of UK isolates being considered resistant[@bib38] and penicillin resistance among *S pneumoniae* is burgeoning worldwide, reaching approximately one third of all isolates in Spain, 26% in some areas of France, and 15 to 20% in the United States.[@bib39], [@bib40]

Choice among appropriate agents for the management of AECB is now clearly constrained by local resistance rates, and broad recommendations for the use of standard beta-lactams, co-trimoxazole, tetracyclines, and erythromycin can no longer be justified.

Pharmacokinetic Considerations {#cesec70}
------------------------------

There are profound differences in the penetration of different antibiotic classes into the tissues and secretions of the respiratory tract, and the implications of these factors for the treatment of acute exacerbations of chronic bronchitis merit initial consideration. Although precise relationships have not been clearly established, both sputum and bronchial mucosal concentrations of antibiotics are considered potentially predictive of the outcome of therapy in lower respiratory infections.[@bib41], [@bib42] In general, beta-lactams attain only 5 to 25% of simultaneous serum concentrations in sputum and bronchial secretions, whereas erythromycin, chloramphenicol, and tetracyclines often achieve ratios of 50% or more, and quinolones produce concentrations in bronchial secretions which are 80 to 200% of those in serum.[@bib41], [@bib42], [@bib43] Azithromycin is highly concentrated in sputum and bronchial secretions.[@bib44] Levels of beta-lactams in bronchial mucosa are higher, perhaps 35 to 55% of those in serum, while concentrations of quinolones range up to 200% and those of azithromycin may be 50- to 100-fold greater.[@bib42] The ratios of the concentrations obtained in respiratory tissues and fluids to those in serum are shown in [Table 4](#tbl4){ref-type="table"} .Table 4Ratios of Sputum/Bronchial Secretion to Serum Concentrations for Selected Antibiotics at Dosages ShownAgent, dose, mg[\*](#tbl4fn1){ref-type="table-fn"}Concentration (mg/L) in SerumRatio of Sputum or B. Secretion/SerumRatio of Bronchial Mucosa/SerumAmoxycillin, 1,0006.90.06Amoxycillin, 5004.130.65Amoxycillin, 5005.11.41[\*](#tbl4fn1){ref-type="table-fn"}Clavulanate, 1252.31.04[\*](#tbl4fn1){ref-type="table-fn"}Amoxycillin, 5006.60.40[†](#tbl4fn2){ref-type="table-fn"}Clavulanate, 2505.150.36[†](#tbl4fn2){ref-type="table-fn"}Cefaclor, 5006.230.067Cefaclor, 5007.20.14Cefaclor, 5009.60.45Cefuroxime, 1,00012.80.14Cefuroxime, 5003.50.51Cefixime, 4006.60.36Doxycycline, 2003.80.18Doxycycline, 1002.00.17Ciprofloxacin, 5003.40.38Ciprofloxacin, 5003.11.29Ofloxacin, 4004.030.77Temafloxacin, 4006.91.77Clindamycin, 3002.60.61Erythromycin, 5004.30.051.67Clarithromycin, 5002.34.43Azithromycin, 5000.49.75(single dose)[^5][^6]

The ratios of the attainable sputum, bronchial secretion, and bronchial mucosal concentrations related to the MIC90 of *H influenzae* and the pneumococcus are depicted in [Figures 2](#fig2){ref-type="fig"} and [3](#fig3){ref-type="fig"} . High ratios should predict greater clinical efficacy, and these relationships are referred to in the following paragraphs dealing with individual classes of antibiotic.F[igure]{.smallcaps} 2Ratios of antibiotic concentrations in the bronchial mucosa to the MIC 90 (mg/L) of *H influenzae* (MICs are given in parentheses: kinetic data from [Table 4](#tbl4){ref-type="table"}).F[igure]{.smallcaps} 3Ratios of antibiotic concentrations in the bronchial mucosa to the MIC 90 (mg/L) of S *pneumoniae* (MICs are given in parentheses: kinetic data from [Table 4](#tbl4){ref-type="table"}).

INDIVIDUAL CHEMOTHERAPEUTIC AGENTS {#cesec80}
==================================

Tetracyclines {#cesec90}
-------------

Many of the original trials of antibiotic therapy in AECB utilized tetracyclines. Two early studies of prophylaxis of exacerbations indicated a reduction in days lost from work in patients receiving Oxytetracycline.[@bib45], [@bib46] However, the number of exacerbations in winter months was not reduced and such studies have not been pursued. Early treatment studies suggested that treated patients might recover sooner and deteriorate less often than control subjects.[@bib47]

Pines[@bib48] performed many studies with tetracyclines in the 1960s and 1970s, concluding that, on the basis of his experience and that of others, tetracycline therapy was more effective than placebo in milder infections, derivatives were no more effective than tetracycline itself, severe infections required large doses and that prophylactic use was largely ineffective. In contrast, Nicotra et al[@bib31a] found no differences between tetracycline and placebo at the end of treatment of moderately ill patients.

Maesen and colleagues[@bib49] repeated a 1960s study of doxycycline in the 1980s, attempting to reassess the place of this compound in contemporary therapy. Clinical results were excellent or good in 74% of patients but *H influenzae*, the major pathogen in AECB, presented difficulties in eradication. Nevertheless, the authors considered that doxycycline remained a useful oral antibiotic for management of AECB and was especially useful in infections caused by M *catarrhalis*. Tetracyclines are useful for minor AECB, but resistance dictates against their use in severely ill patients with minimal ventilatory reserve.

Oral Broad-Spectrum Penicillins and Cephalosporins {#cesec100}
--------------------------------------------------

Although early placebo-controlled studies failed to show conclusive advantages for active therapy in AECB,[@bib50] ampicillin and its successor amoxycillin have become the most widely used agents for management of AECB.[@bib6], [@bib7], [@bib28] They are drugs of choice in patients with mild-to-moderate exacerbations in countries or counties where resistance among *H influenzae* and pneumococci remains at low levels.

May and Ingold[@bib51] considered amoxycillin superior to ampicillin although, on the basis of follow-up studies, Chodosh[@bib52] would undoubtedly disagree. Various regimens have been evaluated including a comparison of standard 7-day amoxycillin therapy with a 3-day course in which patients received 3 g twice daily.[@bib53] High dose amoxycillin was well tolerated, and there were no significant differences between the two groups. The mean number of exacerbations in the year following therapy was similar although the mean time to the first exacerbation was longer (21 weeks) after high dose therapy compared with 15 weeks for those receiving a standard treatment course.

An impressive array of data attesting the efficacy of these agents in mild to moderate AECB caused by sensitive organisms has accumulated from drug development studies which use them as comparators. In patients categorized as suffering from lower respiratory tract infections, the majority of which suffer from acute bronchitis or AECB, few differences have been demonstrated between ciprofloxacin, ofloxacin, azithromycin and clarithromycin, and oral broad-spectrum penicillins.[@bib54], [@bib55], [@bib56], [@bib57] Studies in patients with more severe episodes of AECB, some fulfilling the Winnipeg criteria,[@bib29] have on occasion, shown advantages compared with ampicillin or amoxycillin for example, with azithromycin and ciprofloxacin.[@bib58], [@bib59]

Despite their relatively poor activity and suboptimal respiratory pharmacokinetics, cephalexin and cefaclor have been used extensively for the management of AECB, and therefore, until recently, have commonly been used as standard comparators in clinical trials of new agents. In severe infections, cefaclor gave poor results,[@bib60] and ciprofloxacin proved significantly superior to both.[@bib56] Newer cephalosporins, *eg*, cefixime[@bib61] and cefprozil,[@bib62] may have some advantages. Comparisons of newer oral cephalosporins with amoxycillin have rarely shown significant advantages, providing the organisms were fully sensitive to both agents.

Co-amoxiclav {#cesec110}
------------

Although most studies of patients with lower respiratory infection have shown co-amoxiclav to be the equivalent of standard comparators, a number have demonstrated superiority to amoxycillin[@bib63], [@bib64] and to parenteral cefuroxime followed by oral cephalexin, cefaclor, and josamycin.[@bib65] Comparison with ciprofloxacin showed no significant differences.[@bib66] An overview of the data from clinical trials demonstrates co-amoxiclav to be a valuable agent for infections caused by beta-lactamase producing *H influenzae* and *M catarrhalis*.[@bib65] However, controversy still surrounds the degrees of penetration of amoxycillin and clavulanic acid into bronchial mucosa, which range from 40% of simultaneous serum levels when estimated by one group of investigators to over 100% with others.[@bib67], [@bib68]

Co-trimoxazole {#cesec120}
--------------

In the early 1970s, few agents other than ampicillin/amoxycillin enjoyed the popularity of co-trimoxazole. The 12-hour administration schedule enhanced compliance, and original clinical trial results suggested that the combination might be more effective than amoxycillin and various tetracyclines.[@bib69] However, a follow-up study suggested that this benefit was not maintained into convalescence.[@bib70] Comparisons with the oral cephalosporins generally showed no significant differences.[@bib71], [@bib72] Lacey and coworkers[@bib73] demonstrated equality between trimethoprim alone and co-trimoxazole among patients with a variety of lower respiratory tract infections. However, the recognition of the toxicity of co-trimoxazole, especially in elderly patients,[@bib74] and the increasing availability of safer agents with potentially enhanced activity, resulted in a dramatic decline in the use of the compound in Europe in the late 1980s.

Chloramphenicol {#cesec130}
---------------

If not for its infrequent but well-recognized marrow toxicity, chloramphenicol would remain an extremely useful agent in chronic bronchitis, perhaps worthy of reappraisal in patients with severe exacerbations of this disease. It is highly active against *H influenzae*, the principal pathogen, among isolates of which resistance rates are low, ranging from 0.5 to 2.2% in most of Europe, although significantly higher, at 16.7%, in Spain.[@bib37] Concentrations in bronchial secretions exceed 50% of simultaneous serum levels.[@bib43] Anecdotal reports of benefit in severely ill patients with minimal respiratory reserve are commonplace, but definitive clinical studies are lacking. In the late 1990s, in the presence of widespread resistance to beta-lactams, it may be that a reassessment of the place of chloramphenicol for severe exacerbations is overdue.

New Macrolides and Azalides {#cesec140}
---------------------------

Erythromycin has poor activity against *H influenzae* (MIC 4 to 8 mg/L) and cannot be considered one of the drugs of choice for AECB. Azithromycin and clarithromycin have improved pharmacokinetics ([Table 4](#tbl4){ref-type="table"}) and antibacterial activity. Azithromycin has much enhanced potency against *H influenzae* (MIC 0.5 mg/L) and compares favorably with amoxycillin and co-amoxiclav in patients with Winnipeg type 1 exacerbations.[@bib57] Two significant advantages for azithromycin are apparent: first, the once daily administration and abbreviated 3-day course, aiding compliance, and second, a reduced frequency of relapse during extended follow-up.[@bib58] Clarithromycin has only intermediate activity against *H influenzae*, but synergy with the human metabolite 14 hydroxyclarithromycin reduces the overall MIC to around 1 mg/L and thus into the therapeutic range.[@bib75] Clinical studies of clarithromycin involving 7 to 14-day regimens administered to patients with mild to moderate infections have shown equivalence with ampicillin.[@bib55], [@bib76] A direct comparison of azithromycin (3-day course) and clarithromycin (10 days) showed no difference in response rates or adverse reactions.[@bib77]

These agents may be considered for patients with moderate to severe exacerbations in whom standard agents have become compromised by multiple previous use and the emergence of resistance.

Fluoroquinolones {#cesec150}
----------------

Despite gloomy prognostications which questioned the activity of fluoroquinolones against S *pneumoniae* and suggested that clinical response rates might not exceed 65%,[@bib78] agents such as ciprofloxacin and ofloxacin have proven remarkably effective in AECB. Their potency against *H influenzae* and *M catarrhalis* and superior penetration into sputum and bronchial mucosa are reflected by favorable comparisons with beta-lactams and other traditional agents. Reviews of the efficacy of fluoroquinolones in AECB indicate response rates of 80 to 95%, and trials of ciprofloxacin have frequently demonstrated superiority to standard agents such as ampicillin, cefaclor, cephalexin, and josamycin in terms of bacterial eradication, notably of *H influenzae*.[@bib56] Prior to its abrupt withdrawal, temafloxacin, which had enhanced activity against the pneumococcus, appeared to have a very promising future.[@bib79] Sparfloxacin also has similarly improved activity, but proved only equivalent to co-amoxiclav by both evaluables and intention to treat analyses in a double-blind, multicenter study of 734 adults with exacerbations conforming to Winnipeg type 1 criteria.[@bib80] The increasing prevalence of resistance to standard antibiotics among respiratory pathogens may soon elevate the fluoroquinolones to a position of primary choice in the management of moderate-to-severe exacerbations, an outcome supported by the development of new compounds, such as Bay 3118 and CP 99,219, which have even greater Gram-positive activity.

NEW APPROACHES TO OUTCOME ASSESSMENT {#cesec160}
====================================

Since the landmark study by Anthonisen and colleagues[@bib29] suggested criteria which, on empiric grounds, were thought to be predictive of the severity of exacerbations, many studies have incorporated such assessments. Despite this, very few trials have succeeded in demonstrating the superiority of novel agents which offer significant improvements in antibacterial activity and respiratory tissue/fluid penetration, over standard antibiotics. Thus, ciprofloxacin, ofloxacin, clarithromycin, and azithromycin should prove superior to agents such as amoxycillin and cefaclor, but very few studies based on assessments at the end of therapy have confirmed more than equivalence.[@bib54], [@bib56], [@bib57], [@bib75] In some cases, this may relate to the assessment criteria used. Thus if, as in the studies on fluoroquinolones by Davies and his group,[@bib78] clinical response and pathogen eradication are insisted upon, the reappearance of a pathogen in follow-up studies a week after therapy may be interpreted as overall failure. However, it is increasingly recognized that *H influenzae* and pneumococci may persist in bronchial secretions despite apparently satisfactory clinical response,[@bib24], [@bib25] calling into question this method of assessment.

Clinical comparisons made 2 to 4 weeks after completion of treatment, may prove more discriminatory. For example, Pines and colleagues[@bib70] found no difference between amoxycillin and co-trimoxazole at the end of therapy but only a third receiving co-trimoxazole remained free of relapse at 2 to 4-week follow-up compared with 72% of those who had received amoxycillin. This difference was statistically significant.[@bib70] Chodosh,[@bib52] analyzing long-term follow-up data on a series of trials in AECB, has shown that the mean time from the end of therapy of one exacerbation to the onset of the next may allow more reliable assessment of comparative efficacy. Thus, if the time to relapse after ampicillin therapy (about 200 days) is taken as the index value, ratios for the same periods applicable to other agents can be calculated. Using this approach, the poor performance of oral cephalosporins is emphasized, the ratios for cephalexin and cefaclor being 0.31, indicating much earlier relapse after treatment with these compounds. In contrast, the efficacy of the quinolones is demonstrated by such methods. Ciprofloxacin (208 days to relapse) and temafloxacin (235 days) offer ratios equal to or in excess of unity when compared with ampicillin.[@bib79]

A similar approach was taken by Bennet and colleagues[@bib53] who measured not only the time to the next exacerbation but also the number of exacerbations in the year following therapy. Alternatively, response can be assessed at a fixed interval. For example, Petrie and coworkers[@bib58] found the relapse rate 3 months after azithromycin therapy of hospitalized patients conforming to Winnipeg type 1 exacerbation criteria[@bib29] to be significantly lower (46 vs 62%) than that for patients treated with amoxycillin. Clearly, the advantages of quinolones, new macrolides, and azalides are augmented by the relative lack of resistance among respiratory pathogens: for example, a recent study noted that only 105 of 162 isolates from AECB were ampicillin-sensitive.[@bib76]

However, although most studies comply with accepted definitions of chronic bronchitis and its exacerbations, interpretation of the results of clinical trials is complicated by a lack of standardization of the severity of illness in the populations studied. Empirically based systems such as the Winnipeg criteria[@bib29] and the Italian composite score[@bib31b] may define acute exacerbations, but no studies were undertaken to correlate their observations with outcome and thus with severity. We have performed an observational study of 471 patients with acute exacerbations, recording historic and clinical parameters at presentation and follow-up, and relating these to outcome, utilizing stepwise logistic regression techniques.[@bib7] The results show that, while they may accurately define an exacerbation, none of the Winnipeg criteria (increase in dyspnea, sputum production, and sputum purulence) either singly or in combination predict outcome. The two factors found positively to predict return to the family practitioner with similar symptoms within 4 weeks of the initial presentation were (1) frequent exacerbations (\>4) within the previous year, and (2) significant comorbidity (unrelated cardiopulmonary disease). The latter factor conforms to similar observations relating to outcome of bacterial pneumonia.[@bib81], [@bib82] Trials comparing new quinolones, macrolides, azalides, and other antibiotic classes with traditional compounds should, in the future, be performed in patients who conform to these and the Winnipeg criteria and should involve assessments both at the end of therapy and through extended follow-up. Real differences might then appear in favor of the new agents which could be translated into improved patient care.

[^1]: Trimethoprim-sulfamethoxazole.

[^2]: Significant trends to more rapid response in oxygenation with tetracycline.

[^3]: Nine patients deteriorated (three deaths) on placebo compared with two (one death) on active therapy.

[^4]: The frequency of relapse of *H influenzae* infections was reduced by ampicillin.

[^5]: Data taken from references 43, 49, 87, 88, 89, 90, 91 (co-amoxiclav 67, 68) and various other references in the text.

[^6]: See text.
